A series of hydrazone compounds, 4-methyl-N'-(4-nitrobenzylidene)benzohydrazide methanol solvate (1), N'-(4-hydroxy-3-nitrobenzylidene)-4-methylbenzohydrazide dimethanol solvate (2), and N'-(3,5-dibromobenzylidene)-4-methylbenzohydrazide (3), derived from 4-methylbenzohydrazide with different benzaldehydes, were synthesized and characterized by physico-chemical methods and single crystal X-ray diffraction. Crystals of the compounds are stabilized by intermolecular hydrogen bonds, as well as π···π stacking interactions. Antibacterial activity of the compounds against Staphylococcus aureus, Escherichia coli, and Klebsielle pneumoniae strains was studied. Compounds 1 and 2 have moderate minimum inhibition concentration values on the tested bacteria strains. Compound 3, with the Br-substituent groups, showed the highest activity on the bacterial strains.
INTRODUCTION
Hydrazides and hydrazones are nowadays of considerable technical and commercial importance due to their wide usage as drugs in medicine and as versatile ligands in coordination chemistry. [1] [2] [3] [4] Hydrazones are a special group of compounds in the Schiff base family characterized by the presence of CH=N-N=C. The presence of two inter-linked nitrogens separates them from imines, oximes, etc. Compared to simple hydrazone Schiff bases, acyl, aroyl, and hetero-aroyl Schiff bases have additional donor sites like C=O, making them more flexible and versatile. This versatility has made hydrazones good polydentate chelating agents that can form a variety of complexes with various transition metals. In recent years, a number of hydrazone compounds have been prepared and investigated for their biological properties such as antibacterial, antifungal, 5 anticonvulsant, 6 anti-inflammatory, 7 antimalarial, 8 analgesic, 9 antiplatelets, 10 antituberculosis, 11 and anticancer activities. 12 Hydrazones also act as herbicides, insecticides, nematocides, rodenticides, and plant growth regulators, and are used as plasticizers and stabilizers for polymers, polymerization initiators, antioxidants, etc. 13 In order to further study on the detailed structures and the antibacterial activity of such compounds, in the present work, a series of new hydrazone compounds, 4-methyl-N'-(4-nitrobenzylidene)benzohydrazide methanol solvate (1) , N'-(4-hydroxy-3-nitrobenzylidene)-4-methylbenzohydrazide dimethanol solvate (2) , and N'-(3,5-dibromobenzylidene)-4-methylbenzohydrazide (3) (Scheme 1), derived from 4-methylbenzohydrazide with different aldehydes, were synthesized and structurally characterized.
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4-hydroxy-3-nitrobenzaldehyde, and 3,5-dibromobenzaldehyde were obtained from TCI (Shanghai, China). The other chemicals were used as commercially received without further purification. The composition and structures of the compounds were confirmed by means of elemental analysis, 1 H NMR, IR spectroscopy and single crystal X-ray diffraction. Elemental analyses (C, H and N) were performed on Carlo Erba CHNS-O EA 1108 automatic equipment (Chongqing, China). Infrared spectra were recorded using KBr disks on a Shimadzu 8400S FT-IR spectrophotometer. General method for the synthesis of the compounds: A methanol solution (20 ml) of 4-methylbenzohydrazide (1.5 g, 0.01 mol) was added to a methanol solution (20 ml) of aldehyde (0.01 mol). The mixture was refluxed for 2 h, and three quarter of the solvent was evaporated to give precipitate, which was filtered off and washed several times with methanol. Single crystals were obtained by recrystallization of the compounds in methanol. X-ray diffraction: Single crystals suitable for X-ray diffraction were selected, glued on fiber glasses and successively mounted on a Bruker APEX II CCD diffractometer equipped with a graphite-monochromatic Mo-Kα radiation (λ = 0.71073 Å). The phase problem was solved in both cases by direct methods and the structures were refined by full-matrix least-squares on all measured F o 2 with SHELXL97. 14 Anisotropic thermal displacement parameters were refined for all non-hydrogen atoms. The amino H atoms of the compounds were located from difference Fourier maps and refined isotropically, with N-H distances restrained to 0.90(1) Å. The other hydrogen atoms were located in idealized positions.
Antibacterial test: The compounds were tested for the in vitro Scheme 1. The hydrazone compounds.
EXPERIMENTAL
Materials and methods: 4-Methylbenzohydrazide, 4-nitrobenzaldehyde, antibacterial activity against Staphylococcus aureus, Escherichia coli, and Klebsielle pneumoniae strains using the paper disc diffusion method 15 (for the qualitative determination) and the serial dilutions in liquid broth method 16 (for determination of MIC (minimum inhibition concentration)). Suspensions in sterile peptone-water from 24 h cultures of microorganisms were adjusted to 0.5 McFarland standards. Muller-Hinton Petri dishes of 90 mm were inoculated using these suspensions. Paper disks (6 mm in diameter) containing 10 mL of the substance to be tested at a concentration of 2048 μg/mL in DMSO were placed in a circular pattern in each inoculated plate. Incubation of the plates was done at 37 ºC for 24 h. Reading of the results was done by measuring the diameters of the inhibition zones generated by the tested substances. Tetracycline was used as a reference. Determination of MIC was done using the serial dilutions in liquid broth method. The materials used were 96-well plates, suspensions of microorganism (0.
RESULTS AND DISCUSSION
Crystal structure description: The molecular structures of 1, 2 and 3 are shown in Figures 1, 2 and 3 , respectively. The crystallographic data for the compounds are summarized in Table 1 (Table 2) , to form 2D layers parallel to the ab plane ( Figure 5 ). In the crystal structure of 3, the benzohydrazone molecules are linked through intermolecular N-H•••O hydrogen bonds (Table 2) , to form 1D chains running along the c axis ( Figure 6 ). In addition, there are π•••π stacking interactions among the adjacent benzene rings (Table 3 ). Limiting indices
Reflections (5) 167 (3) Symmetry codes:
D-H•••
A d(D-H) (Å) d(H•••A) (Å) d(D•••A) (Å) Angle(D-H•••A) (º) 1 O(i) -1 + x, y, z; ii) 1 -x, 1/2 + y, 1/2 -z; iii) -1 + x, y, z; iv) x, 1/2 -y, -1/2 + z.
Table 3
Parameters between the planes. (1) and C g (2) are the centroids of C(2)-C(7) and C(10)-C(15) of the compounds, respectively. , respectively in the IR spectra of 1 and 2 suggests the existence of the nitro groups.
Antibacterial activity: The compounds were screened for their antibacterial activities. The results are summarized in Table 4 . Compounds 1 and 2 have moderate minimum inhibition concentration (MIC) values on the tested bacteria strains Staphylococcus aureus, Escherichia coli and Klebsielle pneumoniae. Compound 2 is more effective against Staphylococcus aureus than compound 1. Compound 3 has the most effective activities against all the three bacterial strains. Structure-activity relationship analysis indicates that the presence of Br-substituent groups in the benzene rings of the compounds may increase the antibacterial activities. The results are in accordance with the literature that the existence of halogen atoms in the compounds can enhance their biological activities. [23] [24] [25] Even though compound 3 has the most antibacterial activities among the compounds, it is much less than the control drug Tetracycline. Further work needs to be carried out to explore effective antibacterial materials. 
CONCLUSIONS
A series of hydrazone compounds derived from 4-methylbenzohydrazide with similar nitro-and bromo-substituted benzaldehydes were synthesized and structurally characterized. The physico-chemical analyses confirmed the composition and the structures of the compounds. The antibacterial test shows that the presence of the Br-substituent groups in the compounds induced a visible increase of their action against the bacterial strains.
